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(54) MArHHTHblM MATEPHAJ1 

(57) PeqbepaT: 

MamnTHbtM MaTepMan Ana nocrrofiHHbJx 
MamHTOB c noBbiiueHHoCi TeMnepaTypHoCi 
CTa6nnbHOCTbKD cucTeMbi Fe-B-Co-R, rfle R - 
peAK03eMeribHbie aneMem-bi, hmggt xmmmmgckmm 
cocTaB, cooTBeTCTByK>LUMM qbopMyne 

(Nd i- x i-x2Tb x1 R x2 )i 4-1 7 ( Fe^y 1 CO y 1 )75-8oB6-8 » 

rAe R - no MeHbLueM Mepe oahh sneMeHT, 
BbiopaHHbifi M3 rpynnbi Ancnpo3MM (Dy), ronbMMtf 
(Ho), ap6MM (Er), TyriMM (Tm) + x 2 - 
0,1-0,99, X-1/X2 £ 0,10, y-, - 0,2-0,5. MamMTHbiM 
MaTepMan Aononm/iTenbHo coAepwMT raioKe no 
MeHbUjew Mepe oamh aneMei-iT, BbiopaHHbiPi M3 
rpynnbi anjoMMHMfi (A1), ran/iMfi (Ga), TMTaH 
(Ti), hmoomm (Nb). mojim6a©h (Mo). XMMMHecKH^ 
cocTaB cooTBeTCTByeT qbopMyne 

(Nd 1 . x1 . x2 Tb x1 R x2 )i4-i7 (^i-yiCOy^/s.so Ty 2 B 



BbiSpaHHbiM M3 rpynnbi a/iK)MMHMM (A1), rannMtf 
(Ca), TMTaH (Ti), hmo6mm (Nb), MonMOAeH 
(Mo), y 2 - 0,01-10 aT. %. TexHMMecKMfi 
pe3ynbTaT: MaTepMan MMeeT TeMnepaTypHbiM 
K03Q*D4)MI4MeHT uHnyxuyHA ot + 0,05 ao - 
0,08%/ °C b MHTepBane TeMnepaTyp ot - 60 ao 
+ 150°C. 1 c. m 1 3. n. cfc-nbi, 2 Mn. 
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M3o6peTeHne othocmtch k o6nac™ 
nopoujKOBOM MeTannypruM, b HacTHOcm, k 
MamHTHbiM MaTepnanaM ann nocTOHHHbix 

MarHMTOB Ha OCHOBe COeAMHeHMPi 

peflK03eMe/ibHbix aneMeHTOB c MeTarmaMM 
rpynnbi >Kene3a. 

M3BecTHbie m lunpoKO pacnpocTpaHeHHbie b 
HacTo^mee BpeMfl MamMTHbie Marepnanbi 
CMCTeMbi Nd-Fe-B, ooriaAaiOLAMe BbicoKoPi 
MarHMTHoPi sHepmefi (BH/2)max, HawriM 
tunpoKoe npnivieHeHne b anejcrpuMecKHx 
ABMraTenax, reHepaTopax, MamMTHbix Mycfrrax n 
T-A- 

OCHOBHbIM HeAOCTaTKOM MarHMTOB Nd-Fe-B 

AB/ifleTCfl SHaHHTe/ibHafl TeMnepaTypHaa 

SaBMCMMOCTb HaMamMMeHHOCTM (4jcl), MTO 

npuBOAUT k BenuMMHe TeMnepaTypHoro 
KO30c|DMqneHra MarHMmofl MHAyKL^HH (TKM) ~ 
-0,12%/°C b AnanasoHe 0 - 100°C. KpoMe roro. 
M3-3a hm3kom BennHMHbi TeMnepaTypbi KiopM 

(T c) ~ 300 °C 3TM MarHMTbl MM6K)T HM3KyiO 

MaKCMManbHyK) pa6oMyio TeMnepaTyp (T p ), 
o6bMHo He npeBbituarainyra ~ 100°C. 

M3BecTHO, mto T p MoxeT GbtTb yBenMMeHa 3a 
cneT yBeriMHeHMfl T Cl nocKonbKy Ana iwamnTOB 
cocTaBa Nd 2 (Fe 1 . x Co x )B 

T c - 586 + 906x - 500x 2 (1) 

rAe T c A3 ho b rpaAycax K [Herbst J.F., 
Yelon W.B. J. App!. Phys., 1986, v. 60, N 
12, p. 4224 - 4229]. OAHaKO c yBennweHkieM 
coflep>KaHM« Co pe3KO naAaeT K03pL\nTMBHa« 
curia no HaMamMMeHHOCTM (Hci), mto CBfl3ano c 
yMeHbiueHMeM aqbqbeKTMBHoro nonn 

aHM30TpOnMM (H A ) OCHOBHOPi MarHMTHOM qba3bi. 

TaK npn 20 °C Arm Nd 2 Co 14 B senMMMHa H A -45 
k3 (BMecTO H A -67 k3 Ann Nd 2 Fe 14 B) [Buschow 
K.H.J. Rep. Prog. Phys. 1991, v. 54, p. 1123 
1213]. flrm yBeriMMeHWfl H A (m, 
cooTBeTCTBeHHo Hci) b MamnTbi, coAepKaiAne 
Co, bboa^t Dy jim6o Tb, yBeriMMUBaioiAMe 

H A OCHOBHOM MarHMTHOft (fc>a3b!. 

H3BecTeH MaTepMan Ha OCHOBe Nd-Fe-B 
[Griev B., Fleck H. WO 97/17709, 
17.05.1997], MMeraiAMM cneAyKDiAwfi cocTaB: 27 - 
33 Mac.% peAKOseMenbHbix MeTannoB (P3M), 
HA© P3M - no KpaMHeM Mepe oamh aneMeHT M3 
rpynnbi Pr, Nd, Dy, Tb m coAe p>Ka m m m 
ocTaribHbie sneMeHTbi b cneAyiomeM 
cooTHomeHUM , Mac.%: 

Ko6anbT - 0 - 6,0 

Bop - 0,8 - 11,3 

Hmo6hm - 0 - 2,0 

Atiiommhum - 0 - 1,5 

TanriMM -0-1,5 

MeAb - 0 - 1,0 

>Kene30 - OcranbHoe 

B nacTHOCTM Ha MaTepnane cocTaBa Mac.% 
N , d2oDyioCo 3 Fe 6 4 1 75Nbo > 8 AI 0(2 Ga 0i 2Cuo,iB 

0,95 

nonyMeHw cneAyioiAMe MarHMTHbie 
xapaKTepucTMKn; ocraTOMHafl mh Ay kl^m^i Br - 
10,89 Kf~c; KoapunTMBHafl cMna no 
HaMamMMeHHOCTM Hci > 18,5 k3; 
SHepreTMMecKoe npoM3BeAeHne (BH)max -28,6 
MTc . 3 (T - 25°C). ripn stom TKH b oonacrM 25 

- 100°C paBHfleTca - 0,08%/ °K, a a o6nacTM 25 

- 150 o C--0,085%/ o K. 

l/l3BecTHbifl Maiepnan o6naAaeT 

OTHOCMTenbHO BblCOKMMM MaTHMTHblMM 

CBoRcTBaMy' v? M " r KO PP9 3M0 ^g£l ( fTpfjKocTbk). : > ~ * 

3aBMCMMOCTb Ot^r^VoMHO^' MHAy^KL^l>^M , M3BeCTHOrQ V " 

MaTepnana ot TeMnepaTypbi npeAcraB/ieHa Ha 



cf)nr. 1. • 

OCHOBHbIMM HeAOCTaTKaMM npoTOTMna 

ABriflioTCfl: 

Bo-nepsbix, b paMKax yi<a3aHHoro cocTaBa 
s HeB03MO>KHO nonyMMTb TKM < [-0,8] %/°C (25 - 
100°C). 3to CBH33HO, b nepByio OMepeAb, c 
MaribiM coAep>xaHMeM Co (ao 6 Mac.%). 
OcTaBancb b paMKax npocTeflwefl MOAeriM AByx 

aHTMCfceppOMarHMTHO OC-MGHHO CB«3aHHblX 

noApeiueTOK (noApeweTKa TP3M m 
10 3d-noApetueTKa), xaMecTBeHHo sto mokho 
o6ty?CHMTb HM3Ko« TeMnepaTypoi* KwpM 
3d-noApeuueTKM (cm. qbopMyny (1)). 

Bo-BTOpblX, 3aBMCMMOCTb HaMamMMeHHOCTM 

ot TeMnepaTypbi (b MacTHocTM, Br) RBnqeTCfl 
npaKTMMecKM nMHetfHotf qbyHKL^Me^ (cm. cjwr. 1). 
15 3to He no3BO/ifleT b Anana30He pa6oMMx 
TeMnepaTyp (25 - 150°C) Bbi^MpaTb TaKyio 
pa6oMyio TeMnepaTypy MarHMTa, rAe 
AM0c)3epeHt^ManbHbi« TKM flsnneTCfl 

MMHMMaribHblMM no a6corifOTHOM BejIMMMHe, 

2o HyneBbiM, nn6o Boo6u4e mshjigt 3hqk. 

B ocHOBy M3o6peTeHM« nonowena 3aAaMa 
co3AaTb MamnTHbiW MaTepMan c noBbiiueHHOM 
TeMnepaTypHort cTa6M/ibHOCTbio, to ecrb c 
noHM>KenHbtM (no a6conioTHoPi BenMMMHe) 
reMnepaTypHbJM KOscjx^Mi^MeHTOM MarHMTHoPi 
25 HHAyKUMM m BbicoKOM pa6oMew TeMnepaTypoM. 

nocTaBneHHa* saAaMa peujaeTCfl TeM, mto 
MamnTHbiM MaTepMan, coAep>Kau^MM >Kene3o 
(Fe), Ko6aribT (Co), 6op (B). HeoflMM (Nd), 
Tep6MM (Tb), comacHo M3o6peTeHMK), 
AonojiHMTeribHo coa©P>kmt no MeHbiueM Mepe 
30 oamh peAK03eMenbHbitf sneMeHT, Bbi6paHHbiPi ms 
rpynnbi AMcnposMM (Dy), ro/ibMMM (Ho), sp6Mpi 
(Er), Ty/iMPi (Tm), npM stom xmmmmockmm cocTaB 
cooTBeTCTByeT dpopMyne 

(Nd-j.xi-xaTbxi R X 2)i4-i7 (^.yiCoyO/s-soBs-s 

35 ' n 

rAe K - no MeHbtueM Mepe oamh 3/ieMeHT, 
Bbi6paHHbi« M3 rpynnbi AMcnposMM (Dy), ronbMM^ 
(Ho), sp6MM (Er), Ty/iMPi (Tm), 

npM stom x 1 + x 2 - 0,1 - 1,0; xi/x 2 > 0,10; 
y 1-0,2-0,5. 

40 Bbi6op cocTaBa o6ycnoBiieH cneAyHDLi^MM. 
b/MeHbiueHMe BeriMMMHbi x y + x 2 HM>Ke 0,1 
HeijertecooopasHO, TaK KaK npM 3tom Aa>Ke npM 
MMHMMa/ibHOM coAep>KaHMM Co(y 1 - 0,2) 
HannHaeTcyi pe3Koe yMeHbLueHne BeriMMUHbi Hci, 

45 4TO npMBOAMT K 3HaMMTenbHbIM Heo6paTMMblM 

noTep^M HaMamMMeHHOCTM, oco6eHHo Ha 
MamMTax c hmskom pa6oMePi tomkom. EcnM 
x ^x 2 < 0,1 TaiOKe noHM>KaeTCfi BenMMMHa Hci 
ocooeHHO npM 6onbiuoM coAep>xaHMM Co. B 
nepByio OMepeAb sto cBR3aHO c TeM, mto b 
50 CMCTeMe Tb-Co-B cyiAecTByeT 0a3a Tb 2 Co 14 B, 
a Anfl sneMeHTOB R b CMCTeMe R - Fe-Co-B 
cymecTByeT npeAen pacTBopMMocTM Co, a qba3a 
R 2 Coi 4 B oTcy TCTByeT . KpoMe Toro, cpeAM Bcex 
TP3M Tb oSnaAaeT HaMConbtUMM noneM 
55 aHM30TponMM. 3neMeHTbi M3 rpynnbi R, b 

OT/lMMMe ot Tb, OOTiaAaKDT BbipaKeHHbIM 
MaKCMMyMOM Ha TeMnepaTypHOM 3aBMCMMOCTM 

HaMamMMeHHOCTM HacbiiAeHMfi, noaTOMy mx 
ocHOBHafl 3aAaMa o6ecneMMrb aaAaHHoe 
3HaMeHMe TKH b CMCTeMe Nd-Tb-R-Fe-Co-B. 
60 Ec/im yi > 0,5, BeriMMMHa Hci yMeHbtuaercfi 

KpaMHe pe3KO. 3to cB«3aHo KaK c orpaHMMeHHbiM 
npeAenoM pacTBopMMocTM Co, TaK m c 
06pa30BaHMeM MamMTOM^rKMX qt>a3 JlaBeca, 
TMna Nd(Fe, Co) 2 . 

EcriM y! < 0,2, to TeMnepaiypHa^ 
cTaoM/ibHOCTb cbomctb MaTepMana 
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H3o6peTeHne othocwtch k o6*riacTU 
nopouiKosofi MeTan/iypruM, b HacTHoc™, k 
MarnnTHbiM MaTepnanaM Ann nocTOAHHbix 
MamnTOB Ha ocHOBe coeAMHeHuB 
peflK03eMenbHbix anewieHTOB c MeTannaMH 
rpynnw >Ke/ie3a. 

H3BecTHbie m LuwpoKO pacnpocTpaHeHHbie b 
HacToniuee BpeMfl MamHTHbie MaTepnanbi 
cucTeMbi Nd-Fe-B, o6naflawDLH^ie BbicoKoPi 
MarHMTHOfl SHeprwefi (BH/2)max, HaiunM 
UJUPOKO© npMM8H©HM0 B sneiapuHecKkix 
flBuraTennx, reHepaTopax, MamwTHbix My<$Tax h 
t.A. 

OcHOBHbiM HeflOcraTKOM MamwTOB Nd-Fe-B 
flBrmercfl 3HaMMTeribHaa TeMnepaTypHan 

3aBMCMMOCTb HaMarHUHeHHOCTM (4*1), HTO 

npMBOAHT k Ban mm m He TeMneparypHoro 

K03Cf)<})MqMeHTa MarHMTHOfi HHflyKI^MM (TKM) - 

-0,12%/°C b Anana3QHe 0 - 100°C. KpoMe roro, 
M3-sa hm3ko« Be/iMMUHbi TeMnepaTypbi Ktopn 

(T c) - 300°C 3TM NiarHUTbl MMeiOT HUSKyK) 

MaKCHMaribHyio paoonyio Tewineparyp (T p ), 

o6bmHO He npeBbiLuaioiAyio - 100°C. 

M3BecTHO, mto T p MoweT 6b!Tb ysennMeHa 3a 
CMeT yBennMeHMfl T c , nocKonbKy Ana MamnTOB 
cocTaBa Nd 2 (Fe 1 . x Co x )B 

T c ~586 + 906x-500x 2 (1) 

rAe T c AaHO b rpaAycax K [Herbst J.F., 
Yelon W.B. J. Appl. Phys., 1986, v. 60, N 
12, p. 4224 - 4229]. OAHaKO c yBennneHMeM 
co a© p>xa huh Co pe3Ko naAaeT KOspuuTHBHaa 
curia no HaMamnMeHHocru (Hci), mto CBfl3aHo c 
yMeHbLiieHMeM sqtKjDeKTMBHoro nona 
aHM30Tponnn (Ha) ochobho^ MamnTHoPi cfiasbi. 
Tax npu 20°C Ana Nd 2 Co 14 B BenwHMHa H A -45 
k3 (BMecTO H A -67 k3 Ana Nd 2 Fe 14 B) [Buschow 
K.H.J. Rep. Prog. Phys. 1991, v. 54, p. 1123 

1213]. flrm yBennneHvin H A (n, 
cooTBeTCTBeHHO Hci) b MarHMTbi, coAep>xami/ie 
Co, bboaht Dy nn6o Tb, yBeriMMUBaKDii^ne 

H A OCHOBHOM MarHMTHOW Cfca3bl. 

H3BecTeH MaTepnan Ha ocHOBe Nd-Fe-B 
[Griev B., Fleck H. WO 97/17709, 
17.05.1997], MMejomwfi cneAyKDU^M^ cocTaB: 27 - 
33 wac.% peAK03eMeribHbix MeTannoB (P3M), 
rAe P3M - no KpaMHePi Mepe oauh sneMeHT M3 
rpynnw Pr, Nd, Dy, Tb n coAepwamwfi 
ocTaribHbie sneMeHTbi b cneAyiomeM 

COOT HO LUG HUM, MaC.%: 

Ko6anbT - 0 - 6,0 
Bop -0,8- 11,3 
Hmo6hm - 0 - 2,0 
ajikjmmhmm - 0 - 1,5 
TannuM - 0 - 1,5 
Meflb - 0 - 1,0 
>Kene30 - OcTaribHOe 

B nacTHOCTM Ha MaTepna/ie cocTaBa Mac.% 
Nd 2 oDyioCo3Fe 6 4 f 75Nbo.8 AI 0i2 Gao,2Cu 0i iB 

0,95 

nonyMeHbi cneAyfoiAne MamuTHbie 
xapaKTepHCTHKn: ocraTOMHafl MHAyKUnn Br - 
10,89 Krc; KoapuMTHBHafl curia no 
HaMarHMHeHHOdn Hci > 18,5 k3; 
3HepreTMHecKoe npou3BeAeHue (BH)max - 28,6 
Mrc . 3 (T - 25°C). npu stom TKM b o6nacTH 25 

- 100°C paBHfleTCfl - 0,08%/°K, a b o6nacrn 25 

- 150°C --0,085%/°K. 

M3BecTHbiM MaTepnan o6naAaeT 

OTHOCHTeribHO BbfCOKHMH MarHMTHbIMM 

CBOfiCTBaMU U KOppOSHOHHOfi CTO&KOCTbK). 
3aBUCUMOCTb OCTarOMHOM HHAyKL^HM M3BeCTHOrO 

MaTepnana ot TeMnepaTypbi npeAcraBneHa Ha 
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<£ur. 1 . 

OcHOBHbiMM HeAOCTaTKaMM npoTOTwna 
flannioTcfl: 

Bo-nepBbiX, b paMKax yKa3aHHoro cocTaBa 
HeBO3M0)KH0 nonyni/iTb TKH < [-0,8] %/°C (25 - 
100°C). 3to CBR33HO, a nepsyjo onepeAb, c 
wianbiM coA©P>KaHMeM Co (ao 6 Mac.%). 
OcTaBawcb b paMKax npocTetiujefl MOAenw AByx 
aHTnqt)eppoMarHHTHO o6MeHHo' cBasaHHbix 
noApeujeTOK (noApeiueTKa TP3M n 
3d-noApeujeTKa), KanecTBeHHO sto mo>kho 
o6-bHCHHTb HM3KOM TeMnepaTyport Kiopn 
3d-noApeujeTKM (cm. qbopMyny (1)). 

Bo-BTOpblX, 3aBMCMMOCTb HaMarHUHeHHOCTM 

ot TeMnepaTypbi (b nacTHOCTM, Br) SBnqercq 
npaxTunecKH nnHei^HOii Q^yHKi^neM (cm. qbur. 1). 
3to He no3Bon^eT b A^ana30He paGoMux 
TeMnepaTyp (25 - 150°C) Bbi6npaTb Taxyjo 
pa6oqyK) TeMnepaiypy MarHUTa, rAe 
AnqbcjjepeHi^nanbHbift . TKH nB/ifleTcn 

MMHMManbHbIMM no a6COflK)THOM BenvmuHe, 
HyneBbiM, nn6o BOo6me MeHPeT 3H3K. 

B ocHOBy M3o6peTeHMfl nono>xeHa 3aAana 
cosAaTb MarHMTHbiH MaTepnan c noBbiweHHOfi 
TeMnepaTypHofl cTa6n/ibHpcTbMD, to ecTb c 
noHnxceHHbiM (no aGconioTHoPi BennnuHe) 
reMnepaTypHbiM Kosc^qbuuneHTOM MamnTHoi^ 
MHAyKUMH m BbicoKofi pa5oMeii TewnepaTypOM . 

flocTaBneHHa^ 3aAana pewaeTCfl TeM, hto 
MamnTHbiPi MaTepwan, coAepKaiAMM «ene3o 
(Fe), Ko6anbT (Co), 6op (B), HeoA^M (Nd). 
Tep6nM (Tb), comacHO M3o6peTeHHK), 
AononHMTeribHo coAep>KMT no MeHbLueft Mepe 
oamh peAK03eMenbHbi^ sneMeHT, Bbi6paHHbiC^ M3 
rpynnw Ancnpo3HM (Dy). ronbMUM (Ho), 3p6nw 
(Er), TynuM (Tm), npn stom xMMMMecKMM cocTaB 
cooTBeTCTByeT qbopMyne 

(Nd -J _ X 1 -X2 Tb X1 R X2)l 4-1 7 ( Fe 1 ^Y1 Co Y1 )75-80 B 6*8 

rAe R - no MeHbUjeM Mepe oa^h 3neMeHT, 
Bbi6paHHbiPi us rpynnbi AUcnposnPi (Dy), ronbMUiui 
(Ho), sp6utf (Er), TyriM^ (Tm), 

npM stom X! + x 2 - 0,1 - 1,0; x^x 2 > 0,10; 
y i - 0,2 - 0,5. 

Bbioop cocTaBa o6ycjioBneH cneAyK)ti4MM. 
YMeHbLueHMe BenuMMHbi x-| + x 2 Huxe 0,1 
HeL^enecoo6pa3HO, TaK KaK npu stom Aaxe npM 
MMHMManbHOM coa© p>Ka h m n Cofy! - 0.2) 
HaHMHaeTcn pe3Koe yMeHbiueHMe eenuMMHW Hci, 
HTO npMBOAUT K 3HaHMTenbHblM Heo6paTMMbiM 
noTepfiM HaMamnMeHHocTn, oco6eHHo Ha 
MamnTax c HH3KOM pa6onei4 tohkow. Ecnn 
x -1/X2 < 0,1 Taioxe noHH>KaeTCR aennMUHa Hci 
oco6eHHO npu GonbUJOM coAe p>Ka hum Co. B 
nepByio onepeAb sto cB«3aHo c TeM, hto b 
cucTeMe Tb-Co-B cymecTByeT cf)a3a Tb 2 COi 4 B. 
a Ana sneMeHTOB R b cucTeMe R - Fe-Co-B 
cyiAecTByeT npeAeri pacTBopMMocTM Co, a cj>a3a 
R2C0-14B oTcy TCTBy eT . KpoMe Toro, cpeAH Bcex 
TP3M Tb o6naAaeT Haki6onbUJMM noneM 
aHH30TponuiM. SneMeHTbi M3 rpynnbi R, b 
oTnuHne ot Tb, o6naAaKDT Bbipa>KeHHbiM 
MaKcuMyMOM Ha TeMnepaTypHOi^ saBucuMocTM 
HaMamMMeHHOCTM HacbiiAeHUR, nosTOMy nx 
ocHOBHaa saAana o6ecnennTb 3aAaHHoe 
3HaneHne TKH b cucTeMe Nd-Tb-R-Fe-Co-B. 

Ecnn yi > 0,5, BennnnHa Hci yMeHbwaeTCfl 
KpaMHe pe3KO. 3to CB«3aHO KaK c orpaHMMeHHbiM 
npeAenoM pacTBopuMOCTn Co, TaK n c 
o6pa30BaHneM MamnTOMJirKnx cf»a3 /laBeca, 
Tuna Nd(Fe, Co) 2 . 

Ecnn yi < 0,2, to TeMnepaTypHaw 
CTa6nnbHOCTb cbowctb MaTepnana 
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yMeHbLLtaercfl. 

MarHHTHbiM MaTepna/i, comacHO 
M3o6peTeHHK>, Aono/iHMTe/ibHo coAep>KMT no 

M6HbLU6M Mepe OflHH SneMeHT, Bbl6paHHb!M M3 

rpynnbi anioMMHufi (Al), ran/inPi (Ga), TMTaH 
(Ti), hmoomFI (Nb), MonMOAeH (Mo), npn qtom 

XMMMMeCKMM COCT3B COOTBBTCTByGT (fcopMy/ie 

(Nd^^Tb^R^i^iT (Fe 1 _ y1 D>Co y i)75-80 Ty 

rAe T - no MeHbLue^ Mepe oamh sneMeHT, 
Bbi6paHHbiPi M3 rpynnbi anK>MHHwtf (Af). rannMfi 
(Ga), TMTaH (Ti), hmo6mm (Nb), MonMO^eH (Mo), 

y 2 -0,01 - 10 

nonHocTbK) wexaHM3M BfiMflHUH yKasaHHbix 
anewieHTOB Ha xapa KTe p m ctm km Man-iMTOB He 
ycraHoaneH. OAHara n3BecTHo. mto Al, Ga 
yBennHMBawDT cManwBaeMocTb Me>KAy 
Me>K3epeHHOM <pa3ow runa 2-14-1 m, KpOMe Toro, 
Al cnocoGcTByeT pacnaAy cfDasbi JlaBeca. 
BnnflHMe Ti, Nb, Mo, no-BMAHMOMy, CBH3aHo c 

06pa30BaHHeM MMKpOMaCTML}, B TOM HMCJie B 

npeAenax 4>a3bi 2-14-1, Ha KOTopbix npowcxoAUT 
3aKpenneHne AOMeHHbix cTeHOK. 

flpn y 2 > 10, b nepByjo onepeAb 
yMeHbiuaeTCfl ocTaTOHHaa MHAyKLjM* Br, raK kbk 
3TH aneMeHTbi flBJiflHDTcq AMaMameTMKaMM. 

Hn>Ke npuBeAeHbi HaM6onee runnMHbie 
npuMepw peann3ai^MM npeAnoweHHoro 
MamnTHoro waTepnana. 

ripuMep N 1. CnnaB cocTaBa 
(Nd o,8Dyo,i6Tb 0i o4)i6 (^0,8^0,2)75,5 AhBy.e 
BbinnaBnann b BaKyyMHO-MHAyKLjMOHHoft ne^n b 
aTMOC(£epe aproHa. C/imtok apo6mjim m 
M3MeribMarin b MHepTHOM aTMoccfcepe ao 

KpynHOCTM MaCTMU 1 - 3 MKM. (lopOLUOK 

TeKCTypoBanM b MamnTHOM none 
Hanpa>KeHHocTbK) 5-9 k3, npeccoBann npn 
yAenbHOM AaBneHnn 0,1-4 t/cm 2 m cneKanM b 
3aLHHTHofi aTMcccjDepe npn TeMnepaType 1100 - 
1150°C. MarHMTHbfP^ MaTepMan MMen 
cneAyfoiMne cBotfcraa: 

TKH - -0,07%/°C, saBMCMMOCTb 4n\ ot 
komh3Thom TeMnepaTypw (KT) ao 100°C 
riMHeMHafl Br - 10,0 kFc; HCi - 12,7 k3. 

npMMep N2. CnnaB 

(Nd 0,69Dyo,25Tb 0 ,06)l6 (Fe 0 ,77Co 0 ,23)75,8 Alo.gB 
72g BbinnaB/iRriH b BaKyyMHO-MHAyKL{MOHHOM 

nenn b aTMOCcfiepe aproHa. Cjihtok apo^mjim m 
n3MenbMann b MHepTHoPi aiMocc^epe ao 
KpynHOCTM nacTMM 1-3 mkm. riopoiuoK 
TeKCTypoBanM b msthmthom . none 
HanpyiKeHHOCTbK) 5-9 k3, npeccoBariM npn 
yAenbHOM AaBneHMM 0,1-4 t/cm 2 m cneKanM b 
3aLi^MTHOM aTMoccfiepe npn TeMnepaType 1100 - 
1150°C. MamMTHbiM MaTepMan MMen 
cneAy»oiHMe CBoficTBa: TKM = -0,05%/°C, 
TeMnepaTypHaa 3aBMCMMocTb 4ttI nMHefiHaa Br 
= 8,5 k!~c, Hci = 16,8 k3. 

npMMep N 3. CnnaB cooraBa 

(Nd 0.48Dyo,42Tb 0> lo)l6 (Feo,65COo,35)76,2 A! 0( 36B 

7 4 BbinnaBn^nM b BaKyyMHo-MHAyKi^MOHHOM nenM 

B aTMoedpepe aproHa. CnMTOK Apo6MnM m 
MSMenbnanM b MHepTHOM aTMocc£>epe ao 

KpynHOCTM HaCTMU 1-3 j^KM. riOpOLUOK 



TeKCTypoBanM b MamnTHOM none 
Hanp«>KeHHOCTbK) 5-9 k3, npeccoBanM npM 
yAenbHOM AasneHnn 0,1-4 t/cm 2 m cneKanM b 
3au4MTHO« aTMOCCfiepe npM TeMnepaType 1 100 - 
s 1150°C. MarHMTHbiM MaTepMan MMen 
cneAyfoiAMe cBoflCTBa: 

B MHTepBane 29 - 45°C TKM = 0 

b MHTepBane 29 - 100°C TKH = -0,02%/°C 

Br = 6 Kr~c, Hci = 1 1 ,3 k3 

BnMflHMe sneMeHTa T (Ha npMMepe Al) Ha 
10 xapaicrep TeMnepaTypHOW* 3aBMCMMocTM 
HaMamMHeHHOCTM MaTepMana npeACTaBneHO Ha 
0Mr. 2. Rnn HarnflAHocTM Ha dpur: 2 noKa3aHa 
TeMnepaTypHafl saBMCMMocTb OTHocMTenbHoPi 
HaMamMHeHHOCTM. B MarHMTHOM MaTepMane no 
15 npMMepy N 1 TKH - +0,002%/°C (22 - 100°C) m 
3aBMCMMOcTb 4jcl ot TeMnepaTypbi, HaHMHan 
npMMepHO c 35°C flBn«eTC« mohotohhoA. B 
MamMTHOM MaTepMane no npMMepy N 2 (c|5Mr. 2) 
TKH = +0,02%/°C (22 - 100°C), OAHaKo 
An4)4)epeHi4ManbHbtM TKH 3 pa3a mbhpqt 3HaK b 
20 stoH o6nacTM TeMnepaTyp. MamMTHbie 
napaMeTpbi MaTepManOB, npeACTaBneHHbix Ha 
(p Mr. 2, cneAyJoo^Me: 

N1 Br = 4,6 K[~c, Hci = 13,7 k3 

N2 Br = 4,5 Krc, Hci = 14,2 k3 
25 TaKMM o6pa30M, npeAnoxeHHbiM MarHMTHbiM 

MarepMan MMeeT BbicoKyjo TeMnepaTypHyKD 

CTa6MnbHOCTb MarHMTHblX CBOMCTB 

TeMneparypHbiM KoacfjcpMi^MeHT MamnTHOM 
MHAyKi^MM cocTasnaeT +0,02 - -0,07%/ °C b 
MHTepBane ot -60°C ao +150°C, ot hocm Ten bHO 
30 BbicoKoe 3HaneHMe SHeprenmecKoro 
npoM3BeAeHM« (BH)max = 10-30 Mfc • 3 m 

KOpp03MOHHyK) CTOMKOCTb. 

C>opMyna M3o6peTeHn«: 

1. MamMTHWM MaTepMan, coAep>KaiAMM 
35 >Kene3Q (Fe), Ko6anbT (Co), 6op (B), HeoAMM 

(Nd), Tep6MM (Tb), ornMHaiou^MMca TeM, hto oh 
AononHMrenbHo coAep>KMT no MeHbiue^ Mepe 
oamh peAK03eMenbHb!M aneMeHT, Bbi6paHHbiui ms 
rpynnbi AMcnpo3MM (Dy). ronbMMM (Ho), op6nM 
(Er), TynMM (Tm), npM 3tom XMMMMecKMM cocTaB 
40 cooTBeTCTByeT a>opMyne 

(Nd 1 . x1 . x2 Tb x1 R X 2)i4- 1 7(Fe 1 _ y1 Co y1 )75. 8 oB 6 _ 8> 

rAe R - no MeHbLuefi Mepe oamh aneMeHT, 
Bbi6paHHbiM M3 rpynnbi AMcnposMM (Dy), ronbMMM 
(Ho), ap6Mtf (Er), TynMrt (Tm); 

Xi + x 2 = 0,1 - 0,99; 

Xi^^O.IO; 

yi = 0,2 - 0,5. 

2. MamMTHbiM MaTepMan no n.1, 
omnMaKDiAMMCH TeM, hto oh AononHMTenbHo 
coAep>KMT no MeHbtueM Mepe oamh aneMeHT, 

so BbiSpaHHbiK ms rpynnbi anfOMMHMM (Al), rannni^ 
(Ga), TMTaH (Ti), hmoSmm* (Nb), MonM6fleH 

(MO), npM 3T0M XMMMHeCKMpI COCTaB 

cooTBercTByeT qt>opMyne 

(Ndi.xi-x2Tb x1 R X 2)i4-i7(Fe 1 . y1 Co y1 )75. 8 oT y2 B 

55 6-8' 

rAe T - no MeHbuieM Mepe oamh sneMeHT, 
Bbi6paHHbi^ M3 rpynnbi anioMMHMM (Al), rannuPt 
(Ga), THTaH (Ti), hho6mm (Nb), MonnGASH (Mo); 

y 2 = 0,01 - 10aT.%. 
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